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(54) BATTERY-USE SEPARATOR, BATTERY-USE POWER GENERATING ELEMENT AND 
BATTERY 



(57) A separator for battery and a power generating 
element for battery from which a battery having both ex- 
cellent battery properties and high liquid electrolyte 
leakage preventive properties can be prepared and a 
battery having both excellent battery properties and high 
liquid electrolyte leakage preventive properties are pro- 
vided. 

In other words, a separator 1 0 for lithium secondary 
battery comprises a crosslinked material layer fomned 



on a porous material and has a gas permeability. Fur- 
ther, a power generating element 20 for lithium second- 
ary battery comprises at least the separator 1 0 for lithi- 
um secondary battery, a positive electrode 3, and a neg- 
ative electrode 4. Moreover, a lithium secondary battery 
100 comprises at least the separator 1 0 for lithium sec- 
ondary battery, a positive electrode 3, a negative elec- 
trode 4. and a liquid electrolyte 8 containing an electro- 
lyte salt. 



FIG. 1 
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Description 

<Technlcal Field> 

5 [0001 ] The present Invention relates to a separator for battery, a power generating element for battery and a battery 
and more particularly to a separator for battery, power generating element for battery and battery having both excellent 
battery properties and high liquid electrolyte leakage preventive properties. 

<Background Art> 

10 

[0002] A lithium secondary battery has been recently noted as power supply for portable devices such as portable 
telephone, PHS (simple portable telephone) and small-sized personal computer, power storage power supply and 
power supply for electric car In particular, with the reduction of size and weight of the aforementioned portable devices, 
there has been a growing demand for the reduction of size and weight of lithium secondary battery. 

15 [0003] In general, the exterior material of a lithium secondary battery fonned by a positive electrode, a negative 
electrode and a separator is a thick metal. Thus, by providing the exterior material with a high strength, leakage of the 
liquid electrolyte from the exterior material, I.e., liquid electrolyte leakage Is prevented. (However, a problem arises that 
when the thickness and weight of the exterior material are reduced to meet the aforementioned requirements, liquid 
electrolyte leakage can easily occur. 

20 [0004] As a method for inhibiting liquid electrolyte leakage there is known a method which comprises incorporating 
a crossllnkable monomer In a liquid electrolyte, subjecting the liquid electrolyte to crosslinking reaction to produce a 
jelly solidified gel electrolyte, and then using the solid electrolyte comprising a solidified liquid electrolyte, singly or in 
combination with a substrate, as a separator. 

[0005] However, in the case of such a gel electrolyte, ions move through the gel at a very tow rate than in the liquid 
25 electrolyte, easily causing an increase of intemai resistivity of battery and drop of high rate discharge capacity. The 
resulting battery shows insufficient battery properties. 

[0006] It is also disadvantageous in that the gel electrolyte has so low a strength that shortcircuiting can easily occur 
when used singly as a separator 

[0007] As another method for inhibiting liquid electrolyte leakage there is known a trial involving the use of a micro- 
30 porous film of a polymer which swells with a liquid electrolyte such as polyvinylidene fluoride (hereinafter abbreviated 
as "PVdF") or a film comprising a substrate having provided thereon the aforementioned microporous film as a sepa- 
rator. However, a swelling polymer such as PVdF can be easily dissolved in a liquid electrolyte remarkably particulariy 
at a temperature as high as not lower than SO'^C. Thus, a problem arises that shortcircuiting can easily occur across 
the electrodes at high temperature. 
35 [0008] Further, since a polymer which swells with a liquid electrolyte absorbs the liquid electrolyte, the required 
amount of liquid electrolyte increases, giving a tendency that the liquid electrolyte leakage rather increases under 
pressure, 

[0009] The present invention has been woriced out in the light of the aforementioned object. An object of the present 
invention is to provide a separator for battery and a power generating element for battery from which a battery having 
40 both excellent battery properties and high liquid electrolyte leakage preventive properties can be prepared and a battery 
having both excellent battery properties and high liquid electrolyte leakage preventive properties. 

<Disclosure of the lnvention> 

45 [0010] In order to accomplish the aforementioned object, the inventors made extensive studies. As a result. It was 
surprisingly found that the use of a separator for battery having a specific structure makes It possible to obtain a battery 
having both excellent battery properties and high liquid electrolyte leakage preventive properties. Thus, the present 
invention has been wori<ed out. In other words, the technical constitution and advantage of the present invention are 
as follows. However, the mechanism of action described later includes presumption and the present invention is not 

50 limited to whether the mechanism of action is correct or not. 

[001 1 ] In other words, the separator for battery according to Claim 1 is a separator for battery comprising a crosslinked 
material layer formed on a porous material and having a gas penneabiHty. 

[0012] In accordance with this arrangement, a crosslinked material layer is provided on the porous material so that 
the separator for battery can be provided with at least a gas penneability. Thus, the resulting battery not only can be 
55 charged and discharged with the passage of ions in the liquid electrolyte through the micropores in the separator but 
also allows the separator to show a high wettability by the liquid electrolyte, making it easy for the liquid electrolyte to 
be absorbed by the separator. Accordingly, the use of the separator for battery according to Claim 1 makes it possible 
to prepare a battery which can comprise a reduced amount of liquid electrolyte and thus exhibits high liquid electrolyte 
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. leakage preventive properties. Furtlier, since the liquid electrolyte can be absorbed by the separator into the micropores 
thereof, an ion path can be provided, making it possible to prepare a battery having excellent battery properties. 
[0013] The separator for battery according to Claim 2 is characterized by being fonned In such an an-angement that 
at least part of the aforementioned crosslinked material layer enters In pores fonned in the surface of the aforementioned 
s porous material and the penetration of a gas into the interior of the porous material through the aforementioned pores 
is allowed. 

[0014] In accordance with this arrangement, in the case where a battery is prepared, pores having a high wettability 
by the liquid electrolyte and allowing the penetration of the liquid electrolyte are fonned at least In the vicinity of tiie 
surface of the separator. Thus, a separator which can absorb the liquid electrolyte extremely easily by the capillary 

10 action of the aforementioned pores can be obtained. 

[001 5] i n other words, the separator having the aforementioned an-angement utilizes a crosslinked material layer as 
a wetting layer. When the crosslinked material once absorbs the liquid electrolyte, the separator has a strong wettability 
by the liquid electrolyte thus absorbed rather than the wettability of the aforementioned crosslinked material Itself. (It 
is thought that the strong wettability by the liquid electrolyte Is attributed to the fact that the inner surface of the afore- 

is mentioned micropores has substantially the same surface tension as that of the liquid electrolyte.) 

[0016] Accordingly, the use of the separator for battery according to Claim 2 makes it possible to prepare a battery 
which can comprise a reduced amount of liquid electrolyte and thus exhibits high liquid electrolyte leakage preventive 
properties. Further, since the liquid electrolyte can be absorbed by the separator Into the micropores thereof, an Ion 
path can certainly be provided, making it possible to prepare a battery having excellent battery properties. 

20 [001 7] The separator for battery according to Claim 3 is characterized in that the average pore diameter of the pores 
in the aforementioned porous material is from 0.01 ^m to 5 \xm, 

[0018] Thus, when the average pore diameter of the pores in the porous material is not smaller than 0.01 fim, the 
resulting battery can be provided with a lowered eiectrical resistivity across the positive electrode and the negative 
electrode and thus can be certainly provided with excellent battery properties. 
25 [0019] Further, when the average pore diameter of the pores in the porous material Is not greater than 5 nm, the 
resulting battery can difficultly cause the positive electrode and the negative electrode to come in contact with each 
other, making it assured that shortclrcuitihg across the two electrodes can be prevented. 

[0020] The separator for battery according to Claim 4 Is characterized in that the aforementioned crosslinked material 
layer Is fonmed by a crosslinkable monomer having a molecular weight of from 170 to 50,000. 
30 [0021] Thus, since the crosslinked material layer is formed by a crosslinkable monomer having a molecular weight 
of not smaller than 1 70 and the crosslink density of the crosslinked material is not too high, the resulting battery assures 
that the liquid electrolyte can be absorbed by the crosslinked material layer. Accordingly, the wettability of the separator 
by the liquid electrolyte can be enhanced. 

[0022] Further, since the crosslinked material layer is fonned by a crosslinkable monomer having a molecular weight 

35 of not greater than 50,000 and the viscosity of the crosslinkable monomer is nottoo high, it is assured that the crosslink- 
able monomer can penetrate into the interior of the porous material to cause crossllnking reaction. Accordingly, it is 
assured that a crosslinked materia! layer can certainly be formed in the Interior of the porous material, making it possible 
to obtain a separator which can certainly absorb the liquid electrolyte by the interior thereof. 
[0023] Thus, the separator for battery according to Claim 4 makes it assured that the battery can be provided with 

40 excellent battery properties and high liquid electrolyte leakage preventive properties. 

[0024] The aforementioned crosslinked material layer has a polymer skeleton crosslinked by the polymerization of 
the aforementioned crosslinkable monomer and thus exhibits an excellent durability against high temperature and 
repetition of temperature change and can maintain Its structure over an extended period of time. 
[0025] Further, the inventors found that the aforementioned object can be accomplished also by the fonnatlon of a 

45 crosslinked layer from at least one of monomer having unsaturated bond, monomer having epoxy group and monomer 
having Isocyanate group as the aforementioned crosslinkable monomer by a known crossllnking method. Accordingly, 
the separator for battery according to Claim 5 is characterized in that the aforementioned crosslinkable monomer is at 
least one of monomer having unsaturated bond, monomer having epoxy group and monomer having isocyanate group. 
[0026] The separator for battery according to Claim 6 is characterized in that the aforementioned porous material 

50 comprises polyolefins as main component. A polyolefin exhibits a high resistance to the solvent for the electrolyte and 
thus can provide the battery with durability in particular. Further, the pores In a porous material comprising polyolefins 
as main component can easily shrink at high temperatures. When the battery is at high temperatures, the pores in the 
porous material can certainly exert an effect of breaking electric current, making It possible to improve the safety of 
the battery in parilcular. 

55 [0027] The separator for battery according to Claim 7 is characterized in that the crosslinked material layer is porous. 
When such a separator For battery is impregnated with the liquid electrolyte, the liquid electrolyte in the aforementioned 
separator exists in the form of microscopic mixture of liquid electrolyte caught by the gel-like polymer when the 
crosslinked material in the aforementioned crosslinked material layer swells and free liquid electrolyte present in the 
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micropores of the porous material and the aforementioned crosslinl<ed material layer. Accordingly, when a lithium 
secondary battery is prepared from this separator for battery for example, the actual mobility of lithium Ion during charge 
and discharge is governed by lithium ion in the free liquid electrolyte. Thus, smooth movement of lithium ion can be 
realized, making it possible to provide the battery with extremely excellent battery properties. 

5 [0028] Further, in general, the difference in mobility between cation and anion causes the generation of concentration 
gradient during charge and discharge. Accordingly, when a uniform gel-like polymer electrolyte free of micropores is 
applied to lithium secondary battery for example, the aforementioned concentration gradient causes penneative flow 
in the aforementioned polymer electrolyte. The resulting uneven distribution of liquid electrolyte causes deterioration 
of cycle life perfomnance of lithium secondary battery. In the separator for battery according to Claim 7, however, both 

10 the porous material and the aforementioned crosslinked material layer constituting the aforementioned separator have 
micropores (porous structure). Thus, the free liquid electrolyte present in the micropores cannot be caught by the 
crosslinked material, making it possible to relax unevenly distributed liquid electrolyte smoothly and hence obtain pro- 
longed life and stable battery properties. 

[0029] The separator for battery according to Claim 8 is characterized in that the gas permeability of the aforemen- 
IS tioned separator for battery is not greater than 1 .7 times that of the aforementioned porous material. In accordance 
with this arrangement, the aforementioned crosslinked material layer is formed leaving the pores in the surface of the 
porous material unfilled. Alternatively, the crosslinked material layer has a very high gas permeability Accordingly, the 
use of such a separator for battery makes It possible to provide the battery with extremely excellent battery properties 
because most of the liquid electrolyte exists uncaught by the aforementioned crosslinked material layer, realizing 
^0 smooth passage of Ions through the separator and hence keeping the electrical resistivity across the positive electrode 
and negative electrode low. 

[0030] The power generating element for battery according to Claim 9 comprises at least a separator for battery 
according to the present Invention, a positive electrode and a negative electrode. 

[0031] Since the separator for battery according to the present invention is a separator which exerts the aforemen-. 
2S tioned effect, the injection of a liquid electrolyte in the power generating element for battery having such an an-angement 
makes it possible to prepare a battery having both high liquid electrolyte leakage preventive properties and excellent 
battery properties. 

[0032] The battery according to Claim 1 0 comprises at least a separator for battery according to the present Invention, 
a positive electrode, a negative electrode, and a liquid electrolyte containing an electrolyte salt Since the separator 

30 for battery according to the present invention is a separator which exerts the aforementioned effect, a battery having 
both high liquid electrolyte leakage preventive properties and excellent battery properties can be obtained. 
[0033] The battery according to Claim 11 Is characterized in that a metal-resin composite material Is used as an 
exterior material. Since the metal-resin composite material is lighter than metal and can be easily formed into a thin 
product, the size and weight of the battery can be reduced. 

35 [0034] The battery according to Claim 12 is characterized in that the aforementioned electrolyte salt Is LiBF4. LiBF4 
has a lower reactivity with water content present in the liquid electrolyte and thus causes less generation of hydrofluoric 
acid that causes corrosion of the electrode and the exterior material than other fluorine-containing lithium salts. Ac- 
cordingly, a battery excellent particulariy in durability can be obtained. 

[0035] The battery according to Claim 13 is characterized in that the aforementioned liquid electrolyte comprises y- 
40 butyrolactone as a solvent and the content of the aforementioned Y-butyrolactone In the aforementioned solvent is not 
smaller than 30% by weight. In particular, In the case where as the electrolyte there is used LiBF4, the provision of a 
liquid electrolyte made of a solvent having a Y-butyrolactone content of not smaller than 30% by weight makes it possible 
to obtain a battery having an excellent high rate discharge capacity. 

[0036] The battery according to Claim 1 4 Is characterized In that the concentration of the aforementioned electrolyte 
45 salt in the aforementioned liquid electrolyte is from 1 mol/l to 5 mol/l. 

[0037] Thus, since the concentration of the electrolyte salt In the aforementioned liquid electrolyte Is not smaller than 
1 mol/l and there is present an ion source in such an amount that a high ionic conductivity can be secured, a battery 
excellent particularly in battery properties can be obtained. 

[0038] Further, since the concentration of the electrolyte salt in the aforementioned liquid electrolyte is not greater 
50 than 5 mol/l and electrolyte salts can difficultly separate out even at low temperatures, a battery excellent particulariy 
in low temperature properties can be obtained. 

<Brief Description of the Drawing> 

55 [0039] 

Fig. 1 is a diagrammatic sectional view of the lithium secondary battery of Example 1 . 
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[0040] In the drawing, the reference numerals 3, 4, 7, 8, 10, 20 and 100 indicate a positive electrode, a negative 
electrode, an exterior material, a liquid electrolyte, a separator for lithium secondary battery (separator for battery), a 
power generating element for lithium secondary battery (pow^r generating element for battery) and a lithium secondary 
battery (battery), respectively. 

5 

<6est Mode for Carrying Out the lnvention> 

[0041] Embodiments of implementation of the present invention will be described hereinafter with reference to lithium 
secondary battery by way of example, but the present invention is not limited to the following embodiments of imple- 

10 mentation of the present invention. 

[0042] The separator for battery according to the present invention comprises a crosslinked material layer fomned 
on a porous material and has a gas permeability. When the crosslinked material is fomned on the porous material, the 
material, thickness, amount, etc. of the porous material and the crosslinked material are predetemnined such that the 
separator has at least a gas permeability, that Is, the resulting battery can be charged and discharged with the passage 

15 of Ions in the liquid electrolyte through the separator. 

[0043] The separator for battery is preferably fomied in such an arrangement that at least part of the crosslinked 
material layer enters In pores fonned In the surface of the aforementioned porous material and the penetration of a 
gas Into the interior of the porous material through the aforementioned pores is allowed. In other words, in this arrange- 
ment, in the case where a lithium secondary battery Is prepared, micropores having a high wettability by the liquid 

20 electrolyte and allowing the penetration of the liquid electrolyte are formed at least in the vicinity of the surface of the 
separator. The capillary action of the micropores can make it easy for the liquid electrolyte to be absorbed by the interior 
of the separator. 

[0044] Accordingly, the separatorfor battery having the aforementioned arrangement can be used to prepare a lithium 
secondary battery which can comprise a reduced amount of liquid electrolyte and thus exhibits high liquid electrolyte 

25 leakage preventive properties. Further, since the liquid electrolyte can be absorbed by the separator into the interior 
thereof, an Ion path can certainly be provided, making it possible to prepare a lithium secondary battery having excellent 
battery properties. 

[0045] Since It is preferable that the crosslinked material layer is highly wettable by the liquid electrolyte and keeps 
the pores in the porous material unfilled, the amount of the crosslinked material layer is preferably from 1 to 10% by 

30 weight based on the weight of the porous material. When the amount of the crosslinked material exceeds 1 0% by 
weight, the crosslinked material layer can easily cause the pores in the porous material to be filled, giving a tendency 
that the electrical resistivity across the positive electrode and the negative electrode rises to deteriorate the battery 
properties. When the amount of the crosslinked material falls below 1% by weight, there occurs insufficient wettability 
by the liquid electrolyte, making It difficult for the liquid electrolyte to be absorbed by the crosslinked material. Thus, it 

35 is inevitable to abstain from restricting the amount of the liquid electrolyte for the purpose of assuring excellent battery 
properties. Therefore, it is made difficult to improve the liquid electrolyte leakage preventive properties of the lithium 
secondary battery. Accordingly, in order to obtain a lithium battery having excellent battery properties and high liquid 
electrolyte leakage preventive properties, the amount of the crosslinked material layer is preferably from 1% to 10% 
by weight, more preferably from 2% to 7% by weight, still more preferably from 3% to 5% by weight based on the weight 

40 of the porous material. 

[0046] The crosslinked material is preferably fonned by the crosslinking reaction of a crosslinkable monomer. Since 
the crosslinked material preferably has a swell high enough to absorb the liquid electrolyte certainly and can certainly 
penetrate in the interior of the porous material without blocking the porous material, the molecular weight of the 
crosslinkable monomer Is preferably from 1 70 to 50,000, more preferably from 200 to 30,000, still more preferably from 
45 200 to 20,000. 

[0047] When the molecular weight of the crosslinkable monomer falls below 170, the crosslink density of the 
crosslinked material is loo high, giving insufficient wettability by the liquid electrolyte and hence making it difficult for 
the liquid electrolyte to be absorbed by the crosslinked material. Thus, it is inevitable to abstain from restricting the 
amount of the liquid electrolyte for the purpose of assuring excellent battery properties. Therefore, It is made difffcult 

50 to improve the liquid electrolyte leakage preventive properties of the lithium secondary battery. 

[0048] When the molecular weight of the crosslinkable monomer exceeds 50,000, the viscosity of the crosslinkable 
monomer is too high, making it difficult to assure that the crosslinkable monomer can penetrate in the interior of the 
porous material to cause crosslinking reaction by which a crosslinked material layer can be fomned in the interior of 
the porous material. Thus, the liquid electrolyte can be difficultly absorbed by the interior of the separator, making it 

55 difficult to provide the lithium secondary battery with excellent battery properties and high liquid electrolyte leakage 
preventive properties. Further, the crosslinked material can be easily formed Into a film that can block the micropores, 
raising the electrical resistivity across the positive electrode and the negative electrode. This, too, makes it difficult to 
obtain a lithium secondary battery having excellent battery properties. 
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. [0049] Accordingly, in order to certainly prevent the film formation of the crosslinked material and hence obtain ex- 
cellent battery properties, the molecular weight of the crossllnkable monomer Is more preferably not greater than 
30,000. In order to suppress the viscosity of the crossllnkable monomer and hence obtain excellent battery properties 
and high liquid electrolyte leakage preventive properties certainly, the molecular weight of the crosslinked material Is 
5 even more preferably not greater than 2,000. 

[0050] Examples of such a crossllnkable monomer include monomer having unsaturated bond, monomer having 
epoxy group, monomer having Isocyanate group, etc. 

[0051] As the monomer having unsaturated bond there is preferably used a bifunctionat or higher unsaturated mon- 
omer Specific examples of such a monomer include bifunctional (meth)acrylates {ethylene glycol di(meth)acrylate, 

10 propylene glycol di(meth)acrylate, polyethylene glycol di(meth)acrylate having a polymerization degree of 2 or more, 
polypropylene glycol di(meth)acrylate having a polymerization degree of 2 or more, di{meth)acrylate of polyoxyethyl- 
ene/polyoxypropylene copolymer, butanediol dl(meth)acrylate, hexamethylene glycol di(meth)acrylate, etc.}, trifunc- 
tlonal (meth)acrytates {trimethylol propane trl(meth)acryiate, glycerin tri(meth)acrylate, tri(meth)acryiate of ethylene 
oxide adduct of glycerin, tri(meth)acrylate of propylene oxide adduct of glycerin, ethylene oxide of glycerin, tri(meth) 

IS acrylate of propylene oxide adduct, etc.}, tetrafunctional or higher polyfunction al (meth)acrylates {pentaerythritoltetra 
(meth)acrylate, diglycerinhexa(meth)acrylate, etc.}, monomers represented by the following chemical fomiulae (1) to 
(5), etc. These monomers may be used singly or In combination. 
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(Chem. 1) 

Ch^ical Formula (1) 
CH2=CH-CO0-CH2C (CHa) gCHj-OOC (CH2) 4COO-CH2C (CH3) aCHa-OOC-CHsCHz 

Chemical Fosnnula (2) 

CHa 




CH2=CH- COO— (CH2CHiO)2 



Chemical Formula (3) 



CH2«CH- COO- (CHaCHaOis 



C 
CH3 



CHa 




|OCH2CH2)2"' O0C-CH=CH2 




(OCHgCHajis- OOC-CH=CH2 



CHa 



Chemical Formula (4) 
;H2- O— HCH2CH20}„,— {CH{CHa)CH20>milki— CO— CH^CHj 
IH— O— I{CH2CH20}n2— {CH(CH3)CH20},„2Ik2— CO— CHsCHa 
CH2-- O- 1{CH2CH20>„3— {CH(CHa)CH20}|„alk3— CO— CH^GHa 



r 
I 



(wherein nl, n2, n3, ml, m2, m3, fcl, Ic2 and k3 each 
represent an integer of 0 or more) 
Chemical Formula (5) 



— 0--CH2 ,CH2*0— 

— O-CH2 CH2-O-CH2 ^CHa-O-— 

s / 

— O-CH2 CH2-O 



---^C-(CH2)5-ojp| 



• C- (CHgls- O -^C- CH=CH2 



a 



C-CH=CH2 



55 



(wherein m represents an integer of 1 or more; and the 
sum of a and b is 6) 
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[0052] The bif unctional or higher unsaturated monomer exemplified above may comprise a monofunctlonal monomer 
Incorporated therein for the purpose of adjusting the physical properties thereof or like purposes. Examples of the 
monofunctlonal monomer which can be added include unsaturated carboxyllc acids {acrylic add, methacrylic acid, 
crotonic acid, cinnamic acid, vinylbenzoic acid, maleic acid, fumaric acid, itaconic acid, citraconic acid, mesaconic acid, 
methylenemalonic acid, aconitic acid, etc.), unsaturated sulfonic acids {styrenesulfonic acid, acrylamldo-2-methylpro- 
panesulfonic acid, etc.}, salts thereof (Li salt, Na salt, K salt, ammonium salt, tetraalkyi ammonium salt, etc.), com- 
pounds obtained by partly esterifying these unsaturated carboxyllc acids with a C^-C^q aliphatic or alicyclic alcohol, 
alkylene {C2-C4) glycol, poiyalkylene (C2-C4) glycol or the like (methyl malate, monohydroxyethyl malate, etc.). am- 
monia, compounds obtained by partly amidizing these unsaturated carboxyllc acids with a primary or secondary amine 
(maleic acid monoamide, N-methymaleIc acid monoamide, N,N-dlethylmalelc acid monoamide, etc.), (meth)acryllc 
acid ester [ester of C^-C^q alipahtic (methyl, ethyl, propyl, butyl, 2-ethylhexyl, stearyl, etc.) alcohol with (meth)acryllc 
acid, and ester of alkylene (C2-C4) glycol (ethylene glycol, propylene glycol, 1,4-butanediol, etc.) and poiyalkylene 
(C2-C4) glycol (polyethylene glycol, polypropylene glycol) with (meth)acrylic acid], (meth)acrylamide, N-substituted 
(meth)acrylamide [(meth)arylamide, N-methyl(meth)acrylamide, N-methylol (meth)acrylamjde, etc.], vinyl ester, allyl 
ester [vinyl acetate, allyl acetate, etc.], vinyl ether, allyl ether [butyl vinyl ether dodecyl allyl ether, etc.], unsaturated 
nitrile compounds [(meth)acrylorintrile, croton nitrile. etc.], unsaturated alcohols [(meth)allyl alcohol, etc.], unsaturated 
amines [(meth)allylamlne, dimethylamlnoethyl (meth)acrylate, diethylamlnoethyl (meth)acrylate, etc.], heterocycle- 
containlng monomers [N-vlnylpyn-olldone, vinylpyrldlne, etc.], olefln-based aliphatic hydrocarbons [ethylene, propyl- 
ene, bulylene, isobutyrene, pentene, (Cg-Cgo) a-olefin, etc.], olefinic alicyclic hydrocarbons [cyclopenlene, cyclohex- 
ene, cycloheptene. norbomene, etc.], olefinic aromatic hydrocarbons [styrene, a-methylstyrene, stilbene, etc.], unsatu- 
rated imides [maleimide, etc.], halogen-containing monomers [vinyl chloride, vinylidene chloride, vinylldene fluoride, 
hexafluoropropylene, etc.], etc. 

[0053] Examples of the aforementioned crossllnkable monomer having epoxy group Include glycidylethers {bisphenol 
A diglycidyl ether, bisphenol F diglycidyl ether, brominated bisphenol A diglycldyl ether, phenol novolac glycidyl ether, 
cresol novolac glycidyl ether, etc.}, glycidyl esters {hexahydrophthallc acid glycidyl ester, dimeric acid glycidyl ester, 
etc.}, glycidyl amines {triglycidyl isocyanurate, tetraglycidyl diaminophenyl methane, etc.}, linear aliphatic epoxides 
{epoxidized polybutadiene, epoxidized soybean oil, etc.}, alicyclic epoxides {3,4-epoxy-6-methylcyclohexylmethyl car- 
boxylate, 3,4-epoxycyclohexylmethyl cariDoxylate, etc.), etc. These epoxy resins may be used singly or may comprise 
a hardener incorporated therein so that It Is hardened before use. 

[0054] Examples of the hardener to be used in the hardening of the aforementioned epoxy resin include aliphatic 
polyamines {diethylenetriamine, triethylenetetramine, 3,9-(3-aminopropyl)-2,4.8,10-tetraoxaspiro[5,5]undecane. etc.}, 
aromatic polyamines {methaxylenediamine, diaminophenylmethane, etc.}, polyamides {dimeric acid polyamide, etc,}, 
acid anhyrides {phthalic anhydride, tetrahydroxymethylphthallc anhydride, hexahydrophthallc anhydride, trimellitic an- 
hyride, methylnadic anhydride}, phenols {phenolnovolac, etc.}, polymercaptanes (polysulfide, etc.}, tertiary amines (tris 
{dimethylaminomethyl)phenol, 2-ethyl-4-methyllmldazole, etc.}, Lewis acid complexes {boron trifluorlde-ethylamlne 
complex, etc.}, etc, 

[0055] Examples of the aforementioned crossllnkable monomer having isocyanate group include toluene diisocy- 
anate, diphenylmethane dlisocyanate, 1 ,6-hexamethylene diisocyanate, 2,2,4(2,2,4)-trimethylhexamethylenediisocy- 
anate, p-phenylene diisocyanate, 4,4'-dicyclohexylmethane diisocyanate, 3,3'-dimethyldiphenyl-4,4'-dlisocyanate, dl- 
anlsidine diisocyanate, m-xylene diisocyanate, trimethylxylene diisocyanate, isophorone diisocyanate, 1,5-naphtha- 
lene diisocyanate, trans-1 ,4-cylohexyl diisocyanate, lysine diisocyanate, etc. 

[0056] Examples of the aforementioned compound having active hydrogen crosslinking the monomer having isocy- 
anate group include polyols and polyamines [bif unctional compound {water, ethylene glycol, propylene glycol, diethyl- 
ene glycol, dipropylene glycol, etc.}, trifunctional compounds {glycerin, trimethylolpropane, 1 ,2,6-hexanetriol, trieth- 
anolamine, etc.], tetraf unctional compounds {pentaerythritol, ethyienediamlne, tolylenedlamine, dlphenylmethanedl- 
amine, tetramethylolcyclohexane, methyl glucoslde, etc,}, pentafunctlonal compounds {2,2,6,6-tetrakls(hydroxyme- 
thyl)cyclohexanol, diethylene triamine, etc.}, hexafunctional compounds {sorbitol, mannilol, dulcltole, etc.}, octafunc- 
tional compounds {sucrose, etc.)], polyether polyols {propylene oxide and/or ethylene oxide adduct of the aforemen- 
tioned polyol or polyamine}, polyester polyols [condensate of the aforementioned polyol with polybasic acid {adipic 
acid, o,m,p-phthalic acid, succinic acid, azelaic acid, sebasic acid, licinolic acid}, polycaprolactone polyol {poty-e-capro- 
lactone, etc.}, polycondensate of hydroxcarisoxylic acid, etc.], etc. 

[0057] Examples of the catalyst for the reaction of the aforementioned monomer having isocyanate group with the 
compound having active hydrogen include organic tin compounds, trialkylphosphins, amines [monoamines {N,N- 
dimethylcyclohexyl amine, triethylamine, etc.), cyclic monoamines {pyridine, N-methyl morpholine, etc.}, diamines {N, 
N,N\N'-tetramethylethylene diamine, N,N,N',N'-tetramethyl-1,3-butanediamine}, triamines {N,N.N',N'-pentamethyldl- 
ethylenetriamine, etc.}, hexamlnes {N,N,N',N'-tetra(3-dimethylaminopropyl)-methanediamine, etc.}, cyclic polyamines 
{diazabicyciooctane (DABCO), N.N'-dlmethylplperazlne, 1 ,2-dimethylimidazoIe. 1,8-diazabicyclo(6,4,0)undecene-7 
(OBU), salts thereof, etc. 
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[0058] As mentioned above, the crossllnked material layer has a polymer skeleton crosslinked by the polymerization 
of the aforementioned crosslinkable monomer and thus exhibits an excellent durability against high temperature and 

repetition of temperature change and can stably maintain its structure over an extended period of time. 

[0059] Further, the crosslinked material may be made of a crosslinkable monomer comprising a physical property 

5 modifier incorporated therein In an amount such that the formation of the crosslinked material cannot be inhibited for 
the purpose of controlling the strength or physical properties thereof. Examples of the physical property modifiers 
Include inorganic fillers {metal oxide such as silicon oxide, titanium oxide, aluminum oxide, magnesium oxide, zirconium 
oxide, zinc oxide and iron oxide and metal carbonate such as calcium carbonate and magnesium carbonate}, and 
polymers {polyvinylldene fluoride, vinylidene fluoride/hexafluoropropylene copolymer, polyacrylonitrile, polymethyl 

10 methacrylate}. The amount of these physical property modifiers to be added Is normally not greaterthan 50% by weight, 
preferably not greater than 20% by weight. 

[0060] While the crosslinked materia! layer has thus been described, the crosslinked material layer may be porous. 

In this arrangement, both the porous material and the aforementioned crosslinked material layer constituting the sep- 
arator for lithium secondary battery have micropores (porous structure). Thus, the actual mobility of lithium ion during 
IS charge and discharge Is governed by lithium ion In the free liquid electrolyte present in the aforementioned micropores. 
Therefore, smooth movement of lithium ion can be realized, making it possible to provide the lithium secondary battery 
with extremely excellent battery properties. 

[0061] Further, since both the porous material and the aforementioned crosslinked material layer have micropores 
(porous structure), unevenly distributed liquid electrolyte produced during charge and discharge can be smoothly re- 
20 laxed. Accordingly, the resulting lithium secondary battery can be provided with less deteriorated cycle life performance, 
a prolonged life and stable battery properties. 

[0062] On the other hand, the non-porous crosslinked material layer is hard to be bulky as compared with the porous 
crosslinked material layer having the same weight. Accordingly, the porosity of whole separator for lithium secondary 
battery can be increased by using the non-porous crosslinked material layer and the Internal resistivity of the battery 

25 can be set to be reduced. 

[0063] In the case where the crosslinked material layer is not porous, the crosslinked material layer can be provided 
densely in the porous material and exhibits a high wettability by the liquid electrolyte as compared with the porous 
crosslinked material layer. Accordingly, it is preferred that a crosslinked material layer free of micropores (porous stmc- 
ture) be used when a porous material which can diffteultly exhibit a high wettability and a liquid electrolyte are used in 

30 combination. 

[0064] Thus, whether the crosslinked material layer is densely provided or rendered porous can be properly prede- 
termined depending on the combination of the liquid electrolyte and the porous material to be used in the battery. 
[0065] The porous material will be further described hereinafter. 

[0066] The average pore diameter of pores in the porous material is preferably small enough to prevent shortcirculting 
35 across the electrodes and great enough such that the electrical resistivity across the positive electrode and the negative 
electrode becomes not too high and thus is preferably from 0.01 \im to 5 p,m. When the average pore diameter exceeds 
5 jim, the contact of the finely particulate positive active material with the finely particulate negative active material can 
easily cause minute shortcircuiting. When the average pore diameter falls below 0.01 M.m, the electrical resistivity 
across the positive electrode and the negative electrode rises, giving a tendency that the battery properties deteriorate. 
40 Thus, in order to avoid minute shortcircuiting, the average pore diameter of pores in the porous material Is preferably 
from 0.01 }im to 5 jim, more preferably from 0.01 jim to 1 pm, even more preferably from 0,05 \Lrr\ to 0.1 jim. 
[0067] As the porous material there is preferably used a sheet-like porous material having a thickness of not greater 
than 30 [im. The gas permeability of the sheet-like porous material from the surface thereof to the back surface thereof 
Is nomnally from 20 seconds/1 00 m! to 500 seconds/1 00 ml, more preferably from 40 seconds/1 00 ml to 200 seconds/ 
45 100 ml, still more preferably from 50 seconds/100 ml to 150 seconds/100 ml. When the gas penneablllty falls below 
20 seconds/1 00 ml, the contact of the finely particulate positive active material with thef Inely particulate negative active 
material can easily cause minute shortcircuiting. When the gas pemneabillly exceeds 500 seconds/1 00 ml, the electrical 
resistivity across the positive electrode and the negative electrode rises, giving a tendency that the battery properties 
deteriorate. 

so [0068] Examples of the material of the porous material include polyolefins (polyethylene, polypropylene, etc.). pol- 
yesters (polyethylene terephthalate, polybutyleneterephthalate, etc.), celluloses, etc. Preferred among these materials 
are polyolefins, which can improve the resistance to the solvent for the electrolyte and thus provide the lithium secondary 
battery with durability. Further, the pores in a porous material comprising polyolefins as main component can easily 
shrink at high temperatures. When the lithium secondary battery is at high temperatures, the pores in the porous 

55 material can certainly exert an effeci of breaking electrk; current, making It possible to improve the safety of the lithium 
secondary battery. In this respect, too, it is preferred that polyolefins be used as material of the porous material. 
[0069] The separator for lithium secondary battery according to the present Invention can be prepared by Impreg- 
nating or coating the above exemplified porous material with a monomer solution comprising the above exemplified 
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crosslinkable monomer and optionally mixed with a solvent and a hardener or casting the monomer solution on the 
porous material, heating or irradiating the porous material with ultraviolet rays or electron rays so that the monomer is 
crosslinked to fomi a crosslinked material layer, and then optically drying the solvent. 

[0070] As the solvent to be used In the monomer solution there may be used any solvent capable of dissolving the 
crosslinkable monomertherein without any restriction. Examples of such a solvent include commonly used chemfcally 
stable solvents such as methanol, ethanol. propanol, butanol. acetone, toluene, acetonltrile and hexane. Alternatively, 
water may be used depending on the crosslinkable monomer. 

[0071] Further, the same kind of solvents as those constituting the liquid electrolyte described later may be used 
Examples of the same kind of solvents as those constituting the liquid electrolyte include chemically stable solvents 
which can be commonly used as solvent constituting the liquid electrolyte for lithium secondary battery. Examples of 
these solvents include ethylene carbonate, propylene carbonate, dimethyl carbonate, diethyl carbonate, methyl ethyl 
carbonate, rbutyrolactone, proplolactone, valerolactone, tetrahydrofurane. dimethoxyethane. diethoxyethane meth- 
oxyethoxyethane. etc. However, the present Invention is not limited to these solvents. These solvents may be used 
singly or in combination of two or more thereof. 

[0072] By predetemiining the monomer solution so as to comprise a monomer and a solvent in combination that 
occurs in a uniform gel-like form after polymerized (crosslinked), a crosslinked material layerfree of micropores (porous 
structure) can be fairly prepared. 

[0073] In the case where the crosslinked material layer is rendered porous, as the solvent to be used In the afore- 
mentioned monomer solution there may be selected a solvent which can dissolve the aforementioned crosslinkable 
monomer therein and exhibits a lowered solubility of the macromer in the course to crosslinked material to the solvent 
during the polymerization (crosslinking) procedure. Such a solvent can be properly selected depending on the kind of 
the crosslinkable monomer, etc. Prefened examples of the solvent include organic solvents such as methanol, ethanol 
propanol, butanol. acetone, toluene, acetonltrile and hexane and purified water, singly or in combination of two or more 
thereof, mixture of ethanol and dimethyl carbonate, mixture of toluene and ethanol, mixture of hexane and acetone, etc. 
[0074] In the case where the combination of the crosslinkable monomer and the aforementioned solvent or the afore- 
mentioned mixture of solvents is used, the average diameter of the pores in the crosslinked material layer can be 
adjusted to the desired value by adjusting the mixing ratio of the solvents. 

[0075] The mechanism in which the aforementioned crosslinked material layer can form a porous structure by se- 
lecting these solvents Is not necessarily known. However, it is thought that the state of the monomer solution having 
the crosslinkable monomer dissolved therein changes from uniformity to phase separation during the polymerization 
process, thereby forming the porous structure. In other words, It is presumed that the crosslinked material layer having 
a porous structure has a crosslinked structure formed therein at the same time with the porous structure. 
[0076] Further, in the present invention, since the porous material comprises a crosslinked material layer provided 
thereon, the porous structure of the crosslinked material layer can be easily fomried by the aforementioned method In 
other words, in general, when the monomer solution is fomried into a film, the presence of foreign matters such as 
substrate accelerates the fomiation of pores in the aforementioned film. This is because if the aforementioned substrate 
IS a porous material, the fomiation of pores in the aforementioned film can be further accelerated. 
[0077] The concentration of the monomer in the aforementioned monomer solution Is preferably not greater than 
1 0% by weight, more preferably not greater than 5% by weight, still more preferably not greater than 3% by weight 
When the concentration of the monomer exceeds 1 0% by weight, the pores in the porous material can be easily blocked 
by the crosslinked material layer to raise the electrical resistivity across the positive electrode and the negative elec- 
trode, giving a tendency that the battery properties deteriorate. In order to make it assured that the blocking of the 
pores in the porous material can be inhibited to prevent the rise of electrical resistivity, the concentration of the monomer 
in the monomer solution is more preferably not greater than 5% by weight. In order to make It assured that the pores 
45 In the porous material can be little blocked andean be provided with wettability by the liquid electrolyte, the concentration 
of the monomer In the monomer solution Is still more preferably not greater than 3% by weight. 
[0078] In the separator for battery according to the present invention, the gas permeability of the aforementioned 
separator for battery is preferably not greater than 1 .7 times, more preferably not greater than 1 .6 times, still more 
preferably not greater than 1 .3 times that of the porous material. In practice, the gas penneability of the separator for 
50 battery is not smaller than 1 .0 time that of the porous material. 

[0079] When the gas pemrieability of the separator for battery exceeds 1 .7 times that of the porous material the 
pores in the porous material are substantially blocked by the crosslinked material layer or the porous crosslinked 

matenalconstitutingthecrosslinkedmateriallayeritselfhasavery low gas permeability.causingtheriseof the electrical 
resistivity across the positive electrode and the negative electrode and hence giving a tendency that the battery prop- 
55 erties of the battery deteriorate. 

[0080] However.whenthegaspermeabilltyoftheseparatorforbatteryisnotgreaterthan1.7timesthatoftheporous 
matenal. most of the liquid electrolyte exists uncaught by the aforementioned crosslinked material layer, realizing 
smooth passage of ions through the separator and hence keeping the electrical resistivity across the positive electrode 
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and negative electrode low. Thus, the lithlunn secondary battery can be provided with extremely excellent battery prop- 
erties. 

[0081] Such a separator for battery can be fairly prepared, e.g., by predetermining the kind of the crosslinkable 
monomer or adjusting the concentration of the monomer In the monomer solution or, if the crosslinked material layer 

5 is porous, the average diameter of the pores in the crosslinked material. 

[0082] The positive electrode to be used In the power generating element for battery according to the present Inven- 
tion and the battery according to the present Invention comprises a positive active material as a main constituent. 
Preferred examples of the positive active materiai include oxides capable of intercaiating/deintercalting lithium ion. The 
aforementioned oxides are preferably composite oxides containing lithium such as LIC0O2, LiMn204, LINi02 and 

10 LiV205. These oxides are preferably in the form of powder having an average particle diameter of from about 1 to 40 \m, 
[0083] The negative electrode to be used In the power generating element for battery according to the present in- 
vention and the battery according to the present invention comprises a negative active material as a main constituent. 
Examples of the negative active materiai include carbon-based material (mesophase carbon microbead, natural or 
artificial graphite, resin-calcined carbon material, carbon black, carbon fiber, etc.), metallic lithium, lithium alloy, etc. 

15 [0084] The positive active material and the negative active material have been further described hereinabove. The 
positive electrode and the negative electrode are preferably prepared from an electrically-conducting material and a 
binder as constituents besides the aforementioned active materials as main constituent. 

[0085] The electrically-conducting materiai is not limited so far as it is an electrically-conducting material which has 
no adverse effects on the battery properties. In practice, however, the electrically -con ducting material may comprise 

20 electrically-conducting materials such as natural graphite (flake graphite, scaly graphite, earthy graphite, etc.), artificial 
graphite, carbon black, acetylene black, Ketjen black, cartoon whisker, cartoon fiber, metal (copper, nickel, aluminum, 
silver, gold, etc.), metal fiber and electrically-conducting ceramic material Incorporated therein, singly or In admixture. 
[0086] Preferred among these electrically-conducting materials is acetylene black from the standpoint of electrical 
conductivity and coatabillty. The amount of the electrically-conducting material to be incorporated is preferably from 

25 1% to 50% by weight, particularty from 2% to 30% by weight based on the total weight of the positive electrode or 
negative electrode. The method for mixing these components involves physical mixing, ideally uniform mixing. To this 
end, mixing may be effected in a dry or wet process using a powder mixer such as V-shaped mixer, S-shaped mixer, 
crusher, ball mill and planetary ball milt. 

[0087] As the binder there may be nonnally used a themioplastic resin such as poiytetrafluoroethylene, poiyvinyli- 

30 dene fluoride, polyethylene and polypropylene, polymer having rubber elasticity such as ethylene-propylenediene ter- 
polymer (EPDM), sulfonated EPDM, styrene butadiene rubber (SBR) and fluororubber and polysaccharide such as 
cariDoxymethyl cellulose singly or in admixture of two or more thereof. A binder having a functional group which reacts 
with lithium such as polysaccharide has been subjected to methylatlon or the like to deactivate the functional group. 
The amount of the binder to be Incorporated is preferably from 1 % to 50% by weight, particularly from 2% to 30% by 

55 weight based on the total weight of the positive electrode or the negative electrode. 

[0088] The positive electrode and the negative electrode can be fairly prepared by kneading the positive active ma- 
terial or negative active material, the electrically-conducting material and the binder in the presence of an organic 
solvent such as toluene, fomning the mixture Into an electrode shape, and then drying thefonned product, respectively. 
[0089] The power generating element for battery according to the present invention comprises at least a separator 

40 for battery, a positive electrode and a negative electrode. As an embodiment of implementation of the power generating 
element there may be exemplified an arrangement comprising the above exemplified positive electrode and negative 
electrode disposed In close contact with each other with the separator for battery described in detail above interposed 
therebetween. Even in the case where the positive electrode, the negative electrode and the separator are independ- 
ently received in the respective receiving portions of a battery package having a positive electrode reoeh^ing portion, 

45 a negative electrode receiving portion and a separator receiving portion as In the preparation of coin-shaped battery, 
an assembly comprising a poslth/e electrode, a negative electrode and a separator Is an embodiment of implementation 
of the power generating element for battery according to the present Invention. 

[0090] in the case of power generating element for battery, it Is preferably arranged such that the positive electrode 
comes in close contact with the positive collector and the negative electrode comes in close contact with the negative 

50 collector. For example, as the positive collector there may be used aluminum, copper or the like treated with carbon, 
nickel, titanium, silver or the like on the surface thereof besides aluminum, titanium, stainless steel, nickel, calcined 
cartoon, electrically-conducting polymer, electrically-conducting glass, etc. for the purpose of improving adhesion, elec- 
trical conductivity and oxidation resistance. As the negative collector there may be used copper or the like treated with 
carbon, nickel, titanium, silver or the like on the surface thereof besides copper, nickel, Iron, stainless steel, titanium, 

55 aluminum, calcined cartoon, electrically-conducting polymer, electrically-conducting glass, Al-Cd alloy, etc. for the pur- 
pose of improving adhesion, electrical conductivity and oxidation resistance. These materials may also be subjected 
to oxidation on the surface thereof. 

[0091] The collector may be in the form of film, sheet, net, punched or expanded product, lath, porous material. 
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foamed product and formed product of fibers besides foil form. The thickness of the collector is not specifically limited 
but may be from 1 iim to 500 \im. Preferred for positive collector among these collectors Is aluminum foil, which exhibits 
an excellent oxidation resistance. Preferred for negative collector among these collectors are copper foil, nickel foil, 
iron foil and foil of alloy of some of these metals, which are stable In a reducing atmosphere, have an excellent electrical 
5 conductivity and are inexpensive. More preferably, the collector is a foil having a surface roughness of not smallerthan 

0. 2 M.mRa. This arrangement provides an excellent adhesion between the positive and negative electrodes and the 
collector. An electrolytic foil Is preferably used because it has such a roughened surface. In particular, an electrolytic 
foil which has been subjected to "hana" surface treatment is most desirable. 

[0092] Accordingly, in accordance with the aforementioned constitution of the power generating element for battery, 
10 the power generating element for battery is prepared from the separator for battery according to the present Invention. 
Thus, a power generating element for battery can be provided which makes it possible to prepare a battery having 
both high liquid electrolyte leakage preventive properties and excellent battery properties. 

[0093] The battery accorcling to the present Invention comprises at least a separator for battery, a positive electrode, 
a negative electrode, and a liquid electrolyte containing an electrolyte salt. 

15 [0094] As such electrolyte salts there may be used lithium salts, which are stable In a commonly used wide potential 
range, singly or in combination. Examples of these lithium salts Include LIBF4, LIPFg, LICIO4, LiSOaCFa, LINCSOaCFaja. 
LiN(S02CF3)(S02C4F9), etc. Prefen-ed among these lithium salts are LIBF4 and LIPFg because they have a high sta- 
bility. Even more desirable among these lithium salts Is LIBF4 because It has a lower reactivity with water content 
present in the liquid electrolyte and thus causes less generation of hydrofluoric acid that causes corrosion of the elec- 

20 trode and the exterior material than the other fluorine-containing lithium salts, making it possible to prepare a lithium 
secondary battery having an excellent durability. 

[0095] Examples of the solvent constituting the liquid electrolyte include lactones {y-butryolactone, r-valerolactone, 
etc.}, cyclic carboxylic acid esters {ethylene carbonate, propylene carbonate, etc.), chain-like cafboxyllc acid esters 
{diethyl cartDonate, methyl ethyl carbonate, dimethyl carbonate, diphenyl carbonate, etc.), chain-like esters {methyl 

25 acetate, methyl propionate, ethyl propionate, etc.}, cyclic ethers {tetrahydrofurane, 2-methyltGtrahydrofurane, 1 ,3-di- 
oxolane, etc.}, chain-like ethers {1 ,2-dimethoxyethane, ethylene glycol methyl ethyl ether, diethylene glycol dimethyl 
ether, diethylene glycol diethyl ether, polyethylene glycol di(Ci-C4) alkylether having a polymerization degree of 3 or 
more, propylene glycol dimethyl ether, polypropylene glycol dl(C^-C4) alkylether having a polymerization degree of 2 
or more, etc.}, oxazolidinones {N-methyloxazolldinone, etc.}. imidazolines {N.N'-dimethylimidazoline, etc.}, sulfolanes 

30 {sulfolane. 2-methylsulfolane, etc.}, nitriles {acetonitrile, etc.}, sulfoxides {dimethylsulfoxide, etc.}, amides {N,N-dlmeth- 
ylfonnamide. etc.}, pyrrolidones {N-methylpyn-olidone, etc.}, etc. These organic solvents may be used singly or in com- 
bination of two or more thereof as necessary. Preferred among these solvents are y-butryrolactone, propylene carbon- 
ate, and ethylene carbonate because they have a high dielectric constant, a low vapor pressure and a low f lammabillty. 
In particular, in the case where LiBF4 Is used as an electrolyte, the provision of a liquid electrolyte made of a solvent 

35 having a rbutryrolactone content of not smaller than 30% by weight makes It possible to obtain a lithium secondary 
battery having an excellent high rate discharge capacity. Thus, a solvent having a Y-butryrolactone content of not 
smaller than 30% by weight is preferred. 

[0096] The concentration of the electrolyte in the liquid electrolyte to be used in the battery of the present Invention 
is preferably from 1 mol/l to 5 mol/l. Thus, when the concentration of the electrolyte salt In the aforementioned liquid 
40 electrolyte is not smaller than 1 mol/l, there is present an ion source In such an amount that a high ionte conductivity 
can be secured, making It possible to obtain a lithium secondary battery having excellent battery properties in particular. 
Further, when the concentration of the electrolyte salt in the aforementioned liquid electrolyte is not greater than 6 mol/ 

1, electrolyte salts can difficultly separate out even at low temperatures, making it possible to obtain a lithium secondary 
banery having high low temperature properties in particular. More preferably, the concentration is from 1 mol/l to 3 mol/ 

^5 I, making It possible to further assure that the deposition of electrolyte salts at low temperatures can be prevented. 
Even more preferably, the concentration of the electrolyte Is from 1 .5 mol/l to 2.5 mol/l. When the concentration of 
electrolyte falls within this range, the liquid electrolyte has a high surface tension, making it possible to further assure 
that the liquid electrolyte can be retained on the porous material. Accordingly, the lithium secondary battery can be 
certainly provided with excellent battery properties and high liquid electrolyte leakage preventive properties. 

50 [0097] The battery according to the present invention can be obtained, e.g. , by inserting the power generating element 
for battery In a battery package for battery made of an exterior materiaL injecting the liquid electrolyte in the battery 
package, and then finally sealing the battery package. Alternatively, it may be obtained by receiving the positive elec- 
trode, the negative electrode and the separator independently in the respective receiving portions in a battery package 
having a positive electrode receiving portion, a negative electrode receiving portion and a separator receiving portion, 

55 injecting the liquid electrolyte Into the battery package made of an exterior material, and then finally sealing the battery 
package as previously mentioned. 

[0098] As the exterior material there is preferably used a metal-resin composite material, which is lighter than metal 
and can be easily fomried into a thin product. For example, a known aluminum laminate film can be exemplified. This 



12 

BNSDOCID: <EP 1271673A1 J_> 



EP 1 271 673 A1 



enables the reduction of the si?e and weight of the battery. 

[0099] While the separator for battery, power generating element for battery and battery according to the present 
invention have been described with reference to separator for lithium secondary battery, power generating element for 
lithium secondary battery and lithium secondary battery by way of example as in the aforementioned embodiments, 
5 the separator of the present invention is not limited to use in lithium secondary battery but may be applied to other 
kinds of batteries such as aqueous system battery comprising water as a solvent for liquid electrolyte, e.g., alkaline 
battery and lead storage battery. 

<Example> 

10 

[0100] The present Invention will be further described In the following examples and comparative examples, but the 
present invention is not limited thereto. 

[0101] A lithium secondary battery 100 of the examples comprises a power generating element 20 for lithium sec- 
ondary battery having a positive electrode 3 disposed in close contact with a positive collector 5 and a negative electrode 
15 4 disposed in close contact with a negative collector 6, the two electrodes being laminated with a separator 10 for 
lithium secondary battery Interposed therebetween, a liquid electrolyte 8 and an exterior material 7 as shown in Fig. 
1 . A process for the preparation of the lithium secondary battery having the aforementioned constitution will be de- 
scribed hereinafter. 

[01 02] The separator 1 0 for lithium secondary battery to be used in the lithium secondary battery 1 CO of the examples 
20 was prepared in the following manner. In the following examples, as an electron microscope there was used T-200 
produced by JEOL Ltd. and gas penneability was measured according to JIS P-8117. 

"Preparation of separator (A) for lithium secondary battery" 

25 [0103] As a monomer solution there was prepared an ethanol solution having 3% by weight of a bifunctional acrylate 
monomer having a structure represented by the aforementioned chemical fonnula (1) dissolved therein. The monomer 
solution was applied to a microporous polyethylene membrane (average pore diameter: 0.1 \im\ porosity: 50%; thick- 
ness: 23 \Lm; weight: 12.52 g/m^; gas penneability: 89 seconds/100 ml) as a porous material, irradiated with electron 
rays so that the monomer was crosslinked to fonn a crosslinked material layer, and then dried at a temperature of 60'C 

30 for 5 minutes to obtain a separator (A) for lithium secondary battery. The separator (A) for lithium secondary battery 
had a thickness of 24 iim, a weight of 13.04 g/m^, a gas penneability of 103 seconds/100 ml, a crosslinked material 
layerweight of about 4% by weight based on the weight of the porous material and a crosslinked material layer thickness 
of about 1 MJn and thus kept the pores In the porous material substantially unfilled. As a result, the gas penneability of 
the separator (A) for lithium secondary battery was 1 .16 times that of the microporous polyethylene membrane itself. 

35 When the crosslinked material layer was observed under electron microscope, no micropores (porous structure) were 
conflmied. 

"Preparation of separator (B) for lithium secondary battery" 

40 [01 04] A separator (B) for lithium secondary battery was prepared in the same manner as the aforementioned "sep- 
arator (A) for lithium secondary battery" except that as the monomer solution there was used a mixture of 3% by weight 
of the bifunctional acrylate monomer having a stmcture represented by the aforementioned chemical fonnula (1 ), 73% 
by weight of ethanol and 24% by weight of purified water. 

[0105] The separator (B) for lithium secondary battery had a thickness of 24 jim, a weight of 13.04 g/m^, a gas 
45 penneability of 115 seconds/100 ml, a crosslinked material layer weight of about 4% by weight based on the weight 
of the porous material, a crosslinked material layer thickness of about 1 ^m and an average pore diameter of a porous 
structure in the crosslinked material layer of 0.05 \LTr\ and thus kepi the pores in the porous material substantially unfilled 
(as confirmed under electron microscope). As a result, the gas penneabiHty of the separator (B) for lithium secondary 
battery was 1 .3 times that of the microporous polyethylene membrane itself. 

so 

"Preparation of separator (C) for lithium secondary battery" 

[0106] A separator (C) for lithium secondary battery was prepared in the same manner as the aforementioned "sep- 
arator (A) for lithium secondary battery" except that as the monomer solution there was used a mixture of 16% by 
55 weight of the bifunctional acrylate monomer having a structure represented by the aforementioned chemical formula 
(1 ), 65% by weight of ethanol and 20% by weight of purified water. 

[0107] The separator (C) for lithium secondary battery had a thickness of 25 jim, a weight of 16.50 g/m2, a gas 
penneability of 174 seconds/100 ml, a crosslinked material layer weight of about 4% by weight based on the weight 
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of the porous material, a crosslinked material layer thickness of about 1 .5 fim and an average pore diameter of a porous 
structure in the crosslinl<ed material layer of 0.03 ^m and thus l<ept the pores in the porous material half-filled (as 
confimned under electron microscope). As a result, the gas permeability of the separator (C) for lithium secondary 
battery was 1 .95 times that of the microporous polyethylene membrane itself. 
5 [0108] In ordertoconfirmthe wettability of the separators (A), (B), (C), (D) and (E) for lithium secondary battery thus 
prepared by the liquid electrolyte, these separators were dipped in a liquid electrolyte having LiBF4 dissolved in an 
concentration of 2 mol/l in a 4 : 3 : 3 (by volume) mixture of ethylene carbonate, y-butyrolactone and propylene car- 
bonate. 

[01 09] Since the liquid electrolyte havingthe aforementioned composition is made of a solvent having a high dielectric 
10 constant, a low vapor pressure and a low flammability, it not only can provide a lithium secondary battery with desired 
battery properties but also can difficultly cause defectives such as swelling of the exterior material of the lithium sec- 
ondary battery and leakage of the liquid electrolyte even at high temperatures. 

[01 10] On the other hand, a microporous polyethylene membrane having the same material as the separator (A) for 
lithium secondary battery exceptthat no crosslinked material layer was incorporated was dipped in the liquid electrolyte. 
15 Even after 1 hour of elapse, the microporous polyethylene membrane did not wet with the liquid electrolyte and was 
kept suspended on the liquid eiectrolyte in a white opaque form. 

[0111] Accordingly, a lithium secondary battery cannot be prepared by combining the microporous polyethylene 
membrane free of crosslinked material layer with the liquid electrolyte having the aforementioned composition. 

20 "Preparation of positive electrode and negative electrode" 

[0112] The positive electrode and the negative electrode to be used in the lithium secondary battery 100 of the 
examples were prepared in the following manner. 

[0113] A mixed solution of lithium cobalt oxide as a positive active material, acetylene black as an electrically-con- 
25 ducting material (90 parts by weight), a polyvinylidene fluoride as a binder (5 parts by weight) and N-methyl-2-pyrro- 
lidone (5 parts by weight) was applied to an aluminum foil as a positive collector 5, and then dried. The dried material 
was then pressed such that the thickness of the composite reached 0.1 mm to prepare a positive electrode 3 disposed 
in close contact with the positive collector 5 in a sheet fonn. Further, a negative electrode 4 disposed in close contact 
with the negative collector 6 was prepared in a sheet form in the same manner as the positive electrode 3 disposed In 
30 close contact with the aforementioned positive collector 5 except that as the negative active material there was used 
carbon and as the negative collector 6 there was used a copper foil. 

"Preparation of power generating element for lithium secondary battery and lithium secondary battery" 
35 (Example 1) 

[0114] The positive electrode 3 in a sheet fomn thus prepared and the negative electrode 4 in a sheet fomi thus 
prepared were then laminated with the separator (A) for lithium secondary battery 10 interposed therebetween in such 
an arrangement that the positive electrode 3 and the negative electrode 4 were opposed to each other to prepare a 

40 power generating element 20 for lithium secondary battery disposed In close contact with the positive collector 5 and 
the negative collector 6. The power generating element 20 for lithium secondary battery having such an anangement 
was inserted in a battery package pack made of an aluminum laminate film sealed at three sides. Subsequently, 2.2 
g of a liquid electrolyte having LiBF4 dissolved in a4 : 3 : 3 mixture of ethylene carbonate, y-butyrolactone and propylene 
carbonate in a concentration of 2 mol/l was injected into the battery package pack which was then vacuum-sealed to 

45 prepare a lithium secondary battery 100 of Example 1 comprising an aluminum laminate film as an exterior material 
7. The same procedure was followed to prepare lithium secondary batteries of Example 1 in a total of 100. 

(Example 2) 

50 [01 1 5] Lithium secondary batteries of Example 2 were prepared in a total of 1 00 In the same manner as mentioned 
above (Example 1) except that the aforementioned separator (A) for lithium secondary battery was replaced by the 
separator (B) for lithium secondary battery. 

(Comparative Example 1 ) 

55 

[0116] A lithium secondary batter/ of Comparative Example 1 was prepared in the same nvanner as in Example 1 
except that as the separator there was used a nonwoven polyethylene terepthalate fabric having a microporx)us PVdF 
film fonned thereon and the amount of the liquid electrolyte was 2.6 g. The same procedure was followed to prepare 
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.lithium secondary batteries of Comparative Example 1 in a total of 100. 
(Comparative Example 2) 

5 [0117] A liquid electrolyte having 2 mols of LiBF4 as an electrolyte salt dissolved In 1 1 of y-butyrolactone as a solvent 
was mixed with a bifunctional acrylate monomer having a structure represented by the aforementioned chemical for- 
mula (4) at a rate of 240 g of the bifunctional acrylate monomer per kg of the liquid electrolyte. The mixed solution was 
applied to a positive electrode, and then irradiated with electron rays so that the monomer was polymerized to obtain 
a gel-like electrolyte. A power generating element comprising a laminate of the positive electrode having the gel-like 

10 electrolyte layer and a negative electrode vacuum-impregnated with the liquid electrolyte in advance was then vacuum- 
sealed in the same manner as mentioned above (Example 1) to prepare a lithium secondary battery of Comparative 
Example 2. The same. procedure was followed to prepare lithium secondary batteries of Comparative Example 2 in a 
total of 100. 

15 (Reference Example) 

[0118] Lithium secondary batteries of reference example were prepared In a total of 100 in the same manner as 
mentioned above (Example 1 ) except thatthe aforementioned separator (A) for lithium secondary battery was replaced 
by the separator (C) for lithium secondary battery. 
20 [01 1 9] The lithium secondary batteries of Examples 1 and 2, Comparative Examples 1 and 2 and reference example 
thus prepared were then compared in electrical properties according to the following evaluations A to F. The results 
are set forth in Table 1 . 

A: Discharge capacity after 5-hour rate discharge at 25'*C and a cut-off voltage of 2.7 V 
25 B: Discharge capacity after 0.6-hour rate discharge at 25'*C and a cut-off voltage of 2.7 V 
C: Discharge capacity after 0.33-hour rate discharge at 2S°C and a cut-off voltage of 2,7 V 
D: Discharge capacity after 5-hour rate discharge at - 20«C and a cut-off voltage of 2.7 V 
E: Percentage of number of batteries shortclrcuited after preparation of lithium secondary battery in prepared 
number of lithium secondary batteries 
30 F; Leaked amount of liquid electrolyte collected with a filter paper from liquid electrolyte which has come out 15 
minutes after pressing a 4.2 V-charged battery cut at one side thereof at a load of 300 kg so that It undergoes 
shortcircuiting across the positive electrode and the negative electrode. 



BNSDOCID: <BP. 



.1271673A1J_> 



EP 1 271 673 A1 



10 



25 



30 



35 



40 



SO 





Leaked amount 
of liquid 
electrolyte 
after 300 kg 
load leakage 
test (ma) 


i 

o 

H 


O 

H 


o 
in 


O 


00 




Occurrence 
of short- 
circuiting 

(%) 


O 


O 




in 


o 


O 


-20°C-5 hr 

rate 
discharge 
capacity 

(mAh) 


a\ 


in 
ro 


CM 
CM 


H 

in 

M 


o 
o 

H 




u 

1 1 S ^ 

M 


o 


o 


ro 

CM 


o 

M 


CO 
fO 
H 


m 


aS^'C-O.B hr 1 
rate ^ 
discharge 
capacity 
(mAh) 








O 
CM 


H 

<n 




? 1 ^ s ^ 




o 
o 
in 


o 


O 


CM 


•P U 4i 
-H « (II 
l4 19 ^ 


H 

(D 
H 


M 

(9 
H 

1 

& 


t 

•H H 
4i 

11 


?! 

flt (D 
II 


<D 
O 

s ^ 



16 

BNSDOCID: <EP 1271673A1_L> 



EP 1 271 673 A1 



[01 20] As can be seen in the results set forth in Table 1 , the lithium secondary batteries of Examples 1 and 2 exhibit 
a great discharge capacity (see the results of evaluations A to C), particularly a great discharge capacity In a short 
period of time (see the results of evaluations B and C), as compared with those of Comparative Examples 1 and 2. 
Further, the lithium secondary batteries of Examples 1 and 2 showed excellent results also in the discharge capacity 

5 at low temperatures (see the results of evaluation D). in particular, the lithium secondary battery of Example 2 showed 
extremely excellent results in the discharge capacity (evaluations A to D). Moreover, none of the lithium secondary 
batteries of Examples 1 and 2 showed shortclrculting after preparation (see the results of evaluation E). In addition, 
the lithium secondary batteries of Examples 1 and 2 showed little leakage of electrolyte under load and thus exhibited 
high liquid electrolyte leakage preventive properties despite the use of light and thin aluminum laminate film as an 

10 exterior material (see the results of evaluation F). 

[0121] On the contrary, the lithium secondary battery of Comparative Example 1 was confimied to have shown a 
discharge capacity drop presumably attributed to the blocking of the micropores in the separator by swelling of PVDF 
(see the results of evaluations A to D). Some of the ilthium secondary batteries of Comparative Example 1 showed 
shortcircuiting during preparation (see the results of evaluation E). Further, the lithium secondary battery of Comparative 

IS Example 1 showed liquid electrolyte leakage under load as large as about five times that of the lithium secondary 
battery of Example 1 (see the results of evaluation F). 

[01 22] Further, the lithium secondary battery of Comparative Example 2 showed a small discharge capacity (see the 
results of evaluations A to D) . Some of the lithium secondary batteries of Comparative Example 2 showed shortcircuiting 
(see the results of evaluation E). The lithium secondary battery of Comparative Example 2 also showed liquid electrolyte 
20 leakage under load as large as several times that of the lithium secondary battery of Example 1 (see the results of 
evaluation F). 

[0123] Moreover, the lithium secondary battery of the reference example, which had been prepared from the sepa- 
rator (C) for lithium secondary battery having a gas pemieability of 1.95 times (> 1 .7 times) that of the microporous 
polyethylene membrane itself, showed excellent results in the evaluations E and F but showed Insuffteient results in 
25 the discharge capacity (evaluations A to D). 

[01 24] It was confirmed from the aforementioned results that the lithium secondary batteries of Comparative Exam- 
ples 1 and 2 of the present invention are lithium secondary batteries whteh have both excellent battery properties and 
high liquid electrolyte leakage preventive properties and can be certainly prevented from shortcircuiting. 

30 < Industrial Applicability> 

[0125] The separator for battery according to the present invention comprises a crosslinked material layer fomned 
on a porous material and having a gas pemrieabHity as described in Claim 1 . Thus, the resulting battery not only can 
be charged and discharged with the passage of ions in the liquid electrolyte through the separator but also allows the 

35 separator to show a high wettability by the liquid electrolyte, making it easy for the liquid electrolyte to be absoriDed by 
the separator. Accordingly, a separator for battery can be provided which makes it possible to prepare a battery which 
can comprise a reduced amount of liquid electrolyte and thus exhibits high liquid electrolyte leakage preventive prop- 
erties. Further, since the liquid electrolyte can be absoribed by the separator into the interior thereof as mentioned 
above, an ion path can certainly be provided. Accordingly, the separator for battery can be provided which makes it 

40 possible to prepare a battery having excellent battery properties. 

[0126] In accordance with the separator for battery according to the present invention, in the case where a battery 
is prepared, micropores having a high wettability by the liquid electrolyte and allowing the penetration of the liquid 
electrolyte are fonned at least in the vicinity of the surface of the separator as described in Claim 2. Thus, a separator 
which can absorb the liquid electrolyte extremely easily by the capillary action of the aforementioned micropores can 

45 be obtained. Accordingly, a separator for battery from which a battery excellent particularly In battery properties can 
be prepared can be provided. 

[0127] In accordance with the separator for battery according to the present invention, the average pore diameter 
of the pores in the porous material is from 0.01 jim to 5 iim as described in Claim 3. Thus, in the case where a battery 
Is prepared, the electrical resistivity across the positive electrode and the negative electrode is not too high and the 
so positive electrode and the negative electrode can difficultly come In contact with each other. Accordingly, a separator 
for battery can be provided which makes it possible to prepare a battery excellent particularly in electrical properties 
which can certainly prevent itself from undergoing shortcircuiting across the electrodes. 

[0128] In accordance with the separator for battery according to the present invention, the crosslinked material layer 
is fonned by a crosslinkable monomer having a molecular weight of from 1 70 to 50,000 as described in Claim 4. Thus, 
55 in the case where a battery is prepared, the liquid electrolyte can be certainly absorbed by the crosslinked material 
layer and the crosslinked material layer can be certainly fonned in the interior of the porous material, making It assured 
that the liquid electrolyte can be absorbed by the interior of the separator. Accordingly, a separator for battery can be 
provided which makes It possible to prepare a battery having both excellent batteiy properties and high liquid electrolyte 
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.leakage preventive properties. 

[0129] In accordance with the separator for battery according to the present invention, the crosslinl<able monomer 
is at least one of monomer having unsaturated bond, monomer having epoxy group and monomer having isocyanate 
group as described in Ciaim 5, mal<ing it possible to provide a separator for battery which can be easily prepared by 

5 a known crosslinking method. 

[0130] In accordance with the separator for battery according to the present invention, the porous material comprises 
poiyolefins as main component as described in Claim 6. In the case where a battery is prepared, the polyolefin exhibits 
a high resistance to the solvent for the electrolyte and certainly exerts an effect of breaking electric cun^ent at high 
temperatures. Accordingly, a separator for battery can be provided which makes it possible to prepare a battery ex- 

10 cellent particuiarly in durability and safety. 

[0131] In accordance with the separator for battery according to the present invention, the crosslinked material layer 
is porous as described in Claim 7, In particular, in the case of lithium secondary battery, the actual mobility of lithium 
ion during charge and discharge is governed by lithium ion in the free liquid electrolyte present in the aforementioned 
micropores. Thus, smooth movement of lithium ion can be realized, making it possible to provide the extremely excellent 

15 battery properties for the lithium secondary battery. Accordingly a separator for battery can be provided which makes 
it possible to prepare a battery excellent particularly in battery properties. 

[0132] Further, the free liquid electrolyte present In the micropores cannot be caught by the crosslinked material, 
making it possible to relax unevenly distributed liquid electrolyte smoothly and hence provide a separator for battery 
from which a battery having a prolonged life and stable battery properties can be prepared. 

20 [0133] In accordance with the separator for battery according to the present invention, the gas permeability of the 
aforementioned separator for battery is not greater than 1 .7 times that of the aforementioned porous material as de- 
scribed in Claim 8. In the case where a battery is prepared from such a separator for battery, most of the liquid electrolyte 
exists uncaught by the aforementioned crosslinked material layer, realizing smooth passage of ions through the sep- 
arator and hence keeping the electrical resistivity across the positive electrode and negative electrode low. Thus, the 

25 battery can be provided with extremely excellent battery properties. Accordingly, a separator for battery can be provided 
which makes it possible to prepare a battery excellent particularly in battery properties. 

[01 34] The power generating element for battery according to the present invention comprises at least a separator 
for battery according to the present Invention, a positive electrode and a negative electrode as described in Claim 9. 
Thus, a power generating element for battery can be provided which makes it possible to prepare a battery having 

30 both high liquid electrolyte leakage preventive properties and excellent battery properties. 

[0135] The battery according to the present invention comprises at least a separator for battery according to the 
present invention, a positive electrode, a negative electrode, and a liquid electrolyte containing an electrolyte salt as 
described In Claim 10. Thus, a battery having both high liquid electrolyte leakage preventive properties and excellent 
battery properties can be provided. 

35 [0136] The battery according to the present invention comprises as an exterior material a metal-resin composite 
material which can be easily formed into a thin shape as described in Claim 11 . Thus, a separator for battery can be 
provided which makes it possible to prepare a battery having reduced size and weight and having both excellent battery 
properties and high liquid electrolyte leakage preventive properties. 

[0137] In accordance with the battery according to the present invention, the electrolyte salt is LiBF4 as described 
40 in Claim 12, causing less generation of hydrofluoric acid that causes con'osion of the electrode and the exterior material. 

Accordingly, a battery excellent particularly in durability can be obtained. 

[0138] In accordance with the battery according to the present invention, the liquid electrolyte comprises -y^DUtyrol- 
actone as a solvent and the content of the y-butyrolactone in the solvent is not smaller than 30% by weight as described 
in Claim 13. Accordingly, a battery excellent particulariy in high rate discharge capacity can be provided. 
45 [01 39] In accordance with the battery according to the present Invention, the concentration of the electrolyte salt in 
the aforementioned liquid electrolyte Is from 1 mol/l to 5 mol/l as described In Claim 14. Thus, there Is present an Ion 
source in such an amount that a conductivity can be secured and electrolyte salts can difficultly separate out. Accord- 
ingly, a battery excellent particulariy In battery properties and low temperature properties can be provided. 

50 

Claims 

1. A separator for battery comprising a crosslinked material layer fomied on a porous material and having a gas 
permeability. 

55 

2. The separator for battery as claimed in Claim 1 , which is fonned in such an anrangement that at least part of said 
crosslinked material layer enters in pores fomned in the surface of said porous material and the penetration of a 
gas into the interior of the porous material through said pores is allowed. 
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3. The separator for battery as claimed in Claim 1 or 2, wlierein the average pore diameter of the pores in said porous 
material is from 0.01 jim to 5 \xm. 

4. The separator for battery as claimed in any one of Claims 1 to 3, wherein said crosslinked material layer is formed 
by a crosslinkable monomer having a molecular weight of from 170 to 50,000. 

5. The separator for battery as claimed in Claim 4, wherein said crosslinkable monomer is at least one of monomer 
having unsaturated bond, monomer having epoxy group and monomer having isocyanate group. 

6. The separatorfor battery as claimed in any one of Claims 1 to 5, wherein said porous material comprises polyolefins 
as main component. 

7. The separatorfor battery as claimed In any one of Claims 1 to 6, wherein said crosslinked material layer is porous. 

8. The separator for battery as claimed in any one of Claims 1 to 7, wherein the gas penneability of said separator 
for battery is not greater than 1 .7 times that of said porous material. 

9. A power generating element for battery comprising at least a separator for battery as claimed in any one of Claims 
1 to 8, a positive electrode and a negative electrode. 

10. A battery comprising at least a separatorfor battery as claimed in any one of Clainns 1 to 9, a positive electrode, 
a negative electrode, and a liquid electrolyte containing an electrolyte salt. 

11. The battery as claimed in Claim 10, wherein a metal-resin composite material is used as an exterior material. 

12. The battery as claimed in Claim 10 or 11 , wherein said electrolyte salt is LiBF4. 

13. The battery as claimed in any one of Claims 1 0 to 1 2, wherein said liquid electrolyte comprises y-butyrolactone as 
a solvent and the content of said y-butyrolactone In said solvent is not smaller than 30% by weight. 

14. The battery as claimed in any one of Claims 10 to 13, wherein the concentration of said electrolyte salt in said 
liquid electrolyte is from 1 mol/l to 5 mol/l. 
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